
PHOTOGRAPH THIS SHEETifig

LEVEL LaSi M IViR

z/

, No. . oA W9L- 3

DOCUMENT IDENTIFICATION >1 -5

DISTRIBUTION STATEENT A

Approved for public relecuael
Distribution Unlimited !

2 DISTRIBUTION STATEMENT
ACCESSION FOR

NTIS GRAMI

DTIC TAB

UNANNOUNCED E,CTE
JUSTIFICATION

APR 13 1981

S D
DISTRIBUTIOI "c Le. O-;
AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED

DISTRIBUTION STAMP UNANNOUNCED

DATE RECEIVED IN DTIC

K- PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

FORM DOCUMENT PROCESSING SHEET

DTIC OCT 7 70A

L-i--



DISTRIBUTrION STATEMENT A
Approved for public releasel

Distribution Unlimited



Best
Available

Copy



Annual Renort

Development & Research Activities

Fiscal Year 1935

The following subjects are covered herein In the

order listed.

I - Oentrifugal Casting

- Welding

3 - Armor Plate

4 - Non-etallie Elements

5 - Corrosion

6 - Corrosion Resisting Ynterials

7 - Erosion

8 - X-Ray Diffr tion

9 - X-Ray Radiograp'hy

10 - Spectrosoopy
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13 - Metallographio Work

14 PIyuieal Properties of Mvterials

15 Manganese Problem
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17 - Speeif Icatone
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20 -OrizatliZLon

P1 Eotpuent.

A- List of Laborr?4ory Re~lorts distributed*

eK-I

3I



CGETRMFUGAL CATINM

The all wooden furnace construction has proven to be

highly successful for small size*. The 120-1b. furnace

built at the end of 'the past fiscal year has melted and

poured about 400 hbats on two linings, one acid and one

basic. Of these, 376 were 18-8 stainlese centrifugally

cast by the foundry at the U. 8. Navy Yard, Charlestown,

ase. A new umanesla lining has been Installed without

the need for anv repair work whatsoever on the coil or

the furnace proper. ftnoe commercial furnaces of this

type -ar usually entirely rebuilt after 300-500 beats,

this Is very gratifying. The 120-lb. furnace draw*

76 Kilowatts at 800 Volts an e lts 120 lbs. of steel

In about 30 minutes. A furnace to draw 100 Kilowatts

at 800 Volts to melt 300 lbs. of steel - b out 45

alnutes hae been built of a1 wooden constructiu This

furnace has melted and poured aW'out sixty heats without

trouble. The coet of these furnaces was #28.00 and

436.00 reepectively for labor and materials. S

Acid linings are still put In as described In the

previous annual report. For the preparation of 18-8

stainless steel, a basic lining was considered desirable.

A mixture of 9005 electrically oitered magnesit and 10%

RM 8G8 (a magnesia eonent manufactured by the Norton Co.)
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lightly tempered with water was Inetalled exactly as the

acid linings ar Installed. The first lining gave 375

heats without cracking or other trouble. On removal, It

was in perfect condition. The cost of materials and labor

tG Install this lining was $5.75. The cost of a mgnesi&

crulble for a similar furnace Is 412.50. 150 heats In

excellent life for a preformed magnesia crucible. This

Indicates that good basic linings can be Installed without I
use of the preformed crucible.

After so0 careful experiaentation, entirely on pro- ]
duction or laboratory heats, th. use of a slag composed of

*: equal parts of red clay, dry lime and orolite has become

standard. This Is used entirely as a finishing slag on

acid-lined furnaces: 'the hIghly siliceous melting slag

being removed before Its application. Samples of Wei

slag taken from ladles and runner boxes after pouring

the heat analyse approximately as follows;

FOG 5% fo15%

Go 2% Ak1gs 9%

502 45% Gompou ds containing I
Est HE

WIth this slag, charges averaging 0.025% sulphur are

giving 0.015% Sulphur after pouring. E

With baic g hns now available In addition to acid

linings, and wi~th the enoo ai results obtained, proper"

research Into 'the possibility of ;:-dparing superior quality

steel In Use high frequeney fnwee oppears bighly desirable.



A total of 133 castings have been poured from the

60-lb. and 120-lb. furnaces into the model casting machine.

These have been of a wide variety of metals: various alloy

stools of gun forging, engineering and stainless grades;

bronze and a variety of oopper-nickel alloys.

The gun forging stools have been cast and tested with

two viewpoints in mind:

a. To Improve the ductility f igures obtainable

In metal having strength oharaoteristios as

now required.

b. To obtain high strength figures without

fallihg below existing gun forging

ductility limits.

The elimination of the lustrous cavity Imposed the

condition that carbon should be down to 0.30% or under.

The results of these investigations may be summarised as

follows:

a. With Carbon between 0.20% and 0.30%, oastings

can be made with a Proportional Limit between

75,000 and 80,000 lbs. per sq. In., a Tensile

Strength between 90,000 and 100,000 lbs. per

sq. in. with Elongation over 2 %, Reduction

of Area over 65% and Charpy over 40 ft. lbs.

This may be obtained with simple stools such

as 0.30% Molybdenum, 1.6% Nickel, 0.10% Van-

adium; 0.50% Molybdenum, 0.10% Vanadium;
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1.0% Molybdenum, 0.10% Vanadium. There areIindications that 1.5% Copper is more valuable
than 1.5% Nickel.

With Carbon between 010% and 0.20%, castings can be

made with a Proportional Limit between 75,000 and 30,000

lbs. per sq. in., a Tensile Strength of over 100,000 lbs.

per sq. in., with ZJlongation over 25%, Reduction of Area

over 65%, and Charpy over 45 ft. lbs. This may be ob-

tained with simple steels such as 0.50% Molybdenus,

2,5% Manganese.

b. A Proportional Limit of over 110,000 lbs. per

sq. in., with a Tensile St.rength of over 125,000

lbs. per se. in. may be obtained with Elongation

over 18%, Reduction of Area over 45% and Charpy

over 25 ft. lbs. These results can be obtained

with the ,,rious steels mentioned in a above

with proper heat treatment.

The results were obtained from transverse bars taken

midwall in castings having an Outside Diameter of 5-3/41

and an Inside Diameter of 1-1/20.

The heat treatment of the standard composition is

fairly well understood. It becomes increasingly evident

that preparation of steels to far exceed existing gun

forging specifications requires a complete knowledge of

heat treatment operations. Thus, it has been established

that the 11500C 28-hour normalizing treatment given the
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Atandird oompom.ti.on, las little effeot on a Chromium-

Niokel-Molybdenum oomposition. Witri proper heat treatment,

the latter steel should produoe superl& ve results. Do-

v.lopent v t the heat treament pruoUioe along with the

molting and ca.sting practice demands their oontrol by a

i.gle Individual. Znsufflclent personnel has prevented

this, and has providu a serious handicap to proper pursuit

of the work.

Application of the results or this researoh has been

muade to gun falling Into two olusses:

a. Specification:

950,000 1150,000 le% 30%

(U.S.Mavy - 1001 MG NKl - not cold worked)

o .9/.35 and P 10.0e

n .90/1.10 Mo ./06

52 .15/.90 Va 0.10

Final draw temperature - 68500.

This has met the specification with ElonatLon 20$ and

Reductlon of Area 55%.
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b. Specification:I

P.L. T.8. . lon. Red. ObarV.

65,000 95,000 is% 30% 24 ft. lbs.

£em9Aition
S.20/.50 8 and P LO.09

Un .60/.80 Mo .45/.55

Si .15/.25 Va 0.104

Final draw temperature - 6909C.

This has been giving:

P. L. T. S. NLion. Red. Oharpy

* 80,000 98,000 24% 60 35 ft.lbs.

on 75 ma. Pack Hcwitzers.

Trouble has been experienced wth flakes due to

insufficient knowledge of heat treatment, especially with

the .10/.20 Carbon, 0.50% Molybdenum, 2.5% Manganese, which

offers superb possibilities.

3. Development of EPuiment

The design of -he casting for the lMl MG MU1 USX called

for a mold of complicated internal shape. The boring of

this hole In the heavy solid mold presented great difficulty

and was a very eapensive operation. Since the design of

one-piece guns oall8 for a heavy chamber and breech section

with a comparatively slender tapering tube, It Is expected

complicated mold shapes mill be the rule. Moreover, itv

seems probable that curves will come back as external gun !
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shapes which wIll be made from one-piece castings.

The model casting machine has been out in half to

perlt making castings up to 6' In diameter and a maximum

of 50' long. The- new air-cooled wchine is completed and

installed In Building 41, ready to operate when the removal

of the plant Is complete6. It seemed logical to attempt 'to

cast the thin-walled molds with the hole cast ready to use.

This Involved developing a foundry technique In making molds

and cores thich could be used for this purpose. A limit of

+ 0.01' was taken for straightness and roundness with +

0.10' for dimension. Cores were rammed up in especially

{ constructed core oozes on especially machined arbors. These

arbors were suspended In the core boxes, drawn vertically,

turned vertically to true up the core, dried, suspended in

the mold on a vertaIcal machined pin and poured with cor-

plicated gating. After several attempts and failures, two

= thin molds, one cylindrical and one tapered, were cast which

fell within the tolerances preseribed. Considerable work 4
remains to be done to perfect the method for producing

longer molds. Ultimate results In cost of molds, sold life, -

and rapidity of manufacture are believed to Justify the

The use of artificial cooling is definitely successful a
for small sizes. Maintenance of an outer mold surface tam-
erazue of 50 L-S00*C produces a chill 'tht to equivalent t;o

that produced by the heavy molds In the older machines.

eraureof 00600G podcesa cil Tht i euivlen"t



This can be done by blowing air at 100 lbs. per sq. in.

through 7 holes J/521 in diameter on the rotating cast

iron sold having an Inside Diameter of 5.75'. an Outside

Diameter of 7.1' and a length of i. This figure varies

directly with the diameter of 'he mold. The possibility

of super-chilling the steel by use of more air and molds

- of higher conductivity than cast iron is very Inviting.

A second great advantage developed by the air-cooled

machine is the possibility of operation over extended

periods of time without having to suspend operations to

cool the machine. Cas tinge have been poured at an avenage

rate of I every 30 minutes for as long as 6 hours without

any sign of over-hating.

= = The first atpt to pour castingsuof complicated

shape occurred last year with the double taper tube mold.

Experience with the l.1 MG !d, which has five tapers,

Indicates that the single taper limitation Is definitely

overcome. With ample fillets and no steep tapers, no

trouble is experienced. This renders all of the molds on

I hand (except the lM. XG) obsolete.

Several minor changes have been made In the equipment.

Most important of these are installation of an oil filter

and development of a new spout gage. The former obviates

3the necessity for throwing away oil after one use. Thejltter has facilitated spout adjustment. The only major
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diff4culty exporlenced in the casting operation is due to

the fact that the furnace, pouring device and runner "iox

form a single unit moving on a track. When the plant is

moved to Building 41, a new design whioh has been completed

will be used. The pouring device is peranently installed.

The runner boR sets on ways permanently established forward

of the machine with only enough movement to permit of spout

insertion.

Development of a few other minor Improvements in detail

is covered in Experimental Report No. 385, Watertown Arsenal.

4. Development of the Process.

Using the model machine, castings have been made of

various stainless steels, bronze and a variety of copper-

nickel alloys. These experiments were based on enlarging

- the scope of the process to include the casting of thin-

walled castings for recoil and recuperator cylinders. The

bronze castings were utter failures due entirely to poor

quality metal. The stainless steels proved excellent and

are undergoing thorough investigation.

Several full-size castinihave been made with uniform

success. The question as to the value of the material for

recoil cylinders has not yet been settled. The monel ex-

periments were a repetition of those done last year. In-

formation was received from the International Nickel Co.
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that the pig metal supplied was of poor grade. According-

ly, they furnished new material and a supply of alloys,

deoxidizers, etc., for a repetition of the experiments

under the guidance of Mr. Kayes of the Company.

The castings were successful this year--especially the

K Monel. As cast bars, out transversely from the centri-

fugal castings, have properties as high as 44% Elongation

with 33,800 lbs. per sq. in. Tensile Strength, and, after

thermal treatment, 35.7% Elongation with 102,500 lbs. per

sq. in. Tensile Strength. These results are encouraging

and open up a field for development. Molds have been do-

signed for all recoil and recuperator cylinders but none

= have as yet been obtained. A good melting practice has

been acquired, thanks to the excellent instruction of Mr.

~Kaye•s.

The most Important development of the process was the

attempt to run at something near to capacity over a period

of one month. In December, 1934, 93 centrifugal castings

were cast with only 3 rejections in the foundry. The plant

operated 5 days per week, 8 hours per day. Plans called

for 7 castings per day, 4 days per week. This schedule was

met using a total of seven men including supervision. This

included manufacture of all seals, spouts and fittings at

a rate ample to insure continued production. No trouble was a
experienced in maintaining the schedule.
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WELDING

The experimental welding program for the past year has

been primarily oonerned with the welding of alloy steel

plates of 1/20 and greater thicknesses and the repair of

steel castings. Considerable welding of stainless steel

castings for the Navy Wet Mounts has been effected without

any preliminary experi!mental welding program.

Laboratory Reports Mos. 642/70 and P642/76 were pre-

pared covering the work done on three grades of 1/20 struct-

ural nickel steel plate. This work was promoted by the need

for a commercially obtainable alloy steel electrode suitable

for welding 1/2 nickel steel plate and heavier to obtain

full plate strength across the welded Joint. Tensile

strengths of better than 100,000 lbs. per sq. in.,with an

elongation of 18% across the weld and a tensile Impact strength

of 600 ft. lbs. were obtained with a nickel-molybdenum eleo-

trode in the *flat* position. A need for a suitable "position'

type alloy steel electrode appears to exist, as none of those

tested appear to be of this type.

A preliminary study is being made of several structural

molybdenum alloys, one of which has a tensile strength of

100,000 lbs. per sq. in.,and all appear to be easily weldable.

One significant differenoe between these molybdenum alloy

and the struotural nickel Is their freedom from air hardening

alongside the weld in the heat affected zone. Test data on
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weld strengths on the molybdenum plate are not yet available

so that comparisons of strength cannot be made at this time.

It is believed possible that a suitable high tensile

structural alloy steel can and will eventually be developed

which will be amply sufficient for Ordnance engineering pur-

poses and not affected by the heat of welding to any apprec-
:: . " lable degree.

The results of a detailed study of the heat effeit of

welding on the parent metal adjacent to the weld are given

in Report No. 640/27, which Is a thesis submitted in thl

Harvard University School of Metallurgy toward %he degree

of Doctor of Science in Metallurgy by Mr. W. G. Theisinger

'with whom the Arsenal has cooperated In carrying on the work.

The results of this study Cbould be of interet to anyone

concerned with the applicatlon of welding as comparisons of

heat effect are given for plain carbon steel (0.l7% C-0.53% 0),

chrome-molybdenum steel (0.33% 0 and 0.52% 0), three struot-

ural nickel steels and two structural molybdenum steels.

Apparently, little thought has been given to the question of

the heat effect of welding by those concerned with the devel-

opment of high tensile steels.

Some studies of the effect of a 60000 stress relieving

tratment on welded joints on thin structural nickel plate

(I/4" and under) have indicated a considerable oih±e An the

heat affected tones adjacent to the welds and a considerable

increase in the strength of the joints under dynamic loading.

-- -14-



Tests made on structural carbon steel by various Industrial

concerns have not shown similar changes due to stress reliev-

Ing so that one might assume the difference to be due entirely

to the different characteristics of the two classes of plate

material or to the different methods of testing the welded

Joints.

In order to obtain information on this point, an invest-

igation of the effect of stress relieving butt Joints on 3/4"

plate, welded with bare and covered low carbon electrodes of

commercial types, was conducted. Both structural carbon and

nickel steel plate were used. The results have not yet been

prepared as a laboratory report because It Is planned to

conduct a check test on the nickel plate, using a suitable

alloy steel electrode and It In believed desirable to report

all at one time.

Two types of tensile test specimen and three types of

Impact specimen were used In testing the welds. Effects of

the heat treatment observed were a slight reduction in

ultimate tensile strength with a slight Increase of elon-

gation across the weld. The proportional limit was reducedI

about 5,000 lbs. per sq. in. In the weld metal and the Joint

Itself. There was no noticeable change in the Impact results

due to the heat treatment.

With the covered electrode, the proportional limit of

the Joint was a&roximately 50,000 lbs. per sq. in. on the

-15-



nickel plate and 40,000 lbs. per sq. in. on the carbon

plate. The proportional limit of the weld metal was approx-

Imately 55,000 lbs. per sq. in. on both plates. This char-

acteristto of the weld metal seems rather remarkable when

i :s realized that the carbon content is on'; about 0.12%.

it_ s difficult to imagine a cast steel of this carbon con-

tent possessing physical characteristics as described here.

A hardness survey of the weld croe-sctions and heat

affected zones showed maximum hardnessee as follows:

Plate As Welded Stress Relieved

Carbon 209 181
Nickel 437 246

These figures are isolated maxima and occur generally

in the heat affected ine of the seal bead. These average

hardaesee of the heat affected acnes are lower than would

be the case with a single layer weld on thin sheet. Hence,

stress relieving does not show the same change of Impact

strength.

The strength developed by a butt joint welded with a

certain electrode Is not necessarily Indicative that suitable

fillet welded Joints can be obtalned w:-Th that electrode on

the same grade of plate material. In order to obtain design

data on the strength of fillet welds on structural nickelI steel plate of 3/8" to 1' In thickness, oonsiderable prelim- a

nary work has been done in making up welded specimens with

bare and covered low carbon electrode. Alloy steel electrodes

-16-=
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have not been included because a suitable electrode of that

kind for structural work has not been obtainable. It was

decided to test the possibilities of using commercially ob-

tainable low carbon electrodes and determine the strengths

which could be developed with this class of electrode so

that this data could be used as a basis for later selection

of a suitable alloy steel electrode.

It was found impossible to make a fillet weld on 1/2'

and 3/4" thick nickel steel plate which would be free from

cracks except with bare electrode and three brands of cov-

ered low carbon electrode , all three of which were of the

'position" type. The half dozen or so alloy steel electrodes

of the "flat' type which were tried gave cracked welds. These

tests have not been completed, but it is believed that the

test procedure used to check electrodes for making fillet

welds on heavy nickel steel plate can be made of practical

use for checking electrodes and avoid unnecessary machine

work and testing of undesirable electrodes.

The program of manufacture of the castings for the Havy

50 38 Cal. A. A. gun mount necessitated the repair of cracks

in castings which had been finish-machined. Considerable

experimental work was required to determine the best method

of procedure, and three castings were welded before the de-

tails had been worked out. The results of this work are

described by Laboratory Reports Non. 647/2 and 647/3, to-

gether with recommendations as to repair of similar castings

-17-



in the future.IA study of weld failures in base plates of 81 mm. Trench

Mortare was made for Watervliet Arsenal and welding instruct-

ion was given to a welder and an Inanector from that Arsenal.

Report No. 642.1/27 covers the results of the examination of

weld fractures on the base plates.

Tentative Welding Specification WXS-31 was revised and

compiled in accordance with arrangement suggested by the

Ordnance Office. Copies of this specification have been die-

tributed to the industry for criticism. The comment which

has been received has been mostly favorable and constructive,

but has not yet been Incorporated. This specification limits

the carbon content of nickel steel plate for welding to 0.35%.

Work was started on a specification for electrodes mod-

eled somewhat after that of the Navy which sets up an Approved

List of electrodesadmIttance to which is obtained on the

basis of electrode qualification tests made at the manufactur-

er's expense. This Approved List requires certain standards

of performance which are desirable, but has the disadvantage

of a certain lack of control afforded the welding organization

as the number of different commercial electrodes available -f
gain entrance to the list. It usually is more satisfactory

for the user to buy electrodes in small lots to avoid open

bidding and obtain the type of electrode to which the welding

organization is accustomed. It is also possible to juggle

the performance value of an electrode on the Approved List in-18I



order to insure obtaining that electrode on competitive

bidding schedules. It is believed to be impossible to

successfully draft an electrode specification wbich will

Insure one brand of electrode being obtained on all orders

for use In the welding shop.

A
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ARMOR PLATE

A comprehensive program has been carried forward in an

effort to increase the ballistic efficiency of light armor

for protective plating. It may logically be divided into

three phases: - (a) intensive study of existing plate and

of current manufacturing practices; (b) the development of

better plate compositions, of improved methods of heat treat-

ment and of new types of plate; and (c) cooperative study

and investigation of armor plate projects submitted by

interested civilian agencies.

Metallurgical Investigation of representitive types of

plates tested at the Aberdeen Proving Ground has been con-

tinued in order to find, if possible, some relation between

the metallurgical characteristics and the ballistic efficien-

cy of plates, and to obtain information on the mechanism of

penetration.

Microscopic evidence and hardness surveys indicate to

some extent the magnitude of permanent deformation under the

impact of armor piercing bullets. Measurement of the total

affected volume of metal participating in the transfer of

energy from bullet to plate may be possible with some addit-

ional study. Such measurement should open the way for a

rational mathematical solution of this fundamental problem.

Studies of the microstructure of similar plates with

widely different ballistic properties has been attempted.

g -20-



The results obtained thus far are not oonolusive. Consider-

able data Is being amassed, however, and definite information

should be forthcoming In the next yoar or two.

Surveys of the hardness of successful ballistic samples

have shown a much greater variation than was expected. The

results obtained may show why It has not, as yet, been

found possible to establish a fair relation between hardness

and the ballistic efficiency of light plate.

The use of the impact test at several of the very low

velocities has established beyond doubt that the capacity of

any two metals to absorb energy may vary markedly with the

velocity of impact. Development of the high speed impao

testing machine should open a wide field for the study of

the behavior of various armor plate steels at higher velooi-

ties and it is expected that the results of suoh work will

be extremely important In armor plate development.

Some data concerning the various commercial manufaotur-

Ing practices have boon ubtained. Steps have been taken to

make full use of the current orders for armor plate in ob-

taining more of this valuable information.

Various types of composite plates comprising layers of

homogeneous armors soft steel and aluminum have been developed.

Such plates have proved to be effective In stopping super-

velocity soft bullets, such as the Gerlioh, and equal t, the

same weight of solid plate In resistance to armor piero!rcg

bullets.

-21-



Another mechanical means of Increasing ballistic ef-

ficiency has been undertaken In the preparation of fluted or

grooved plates. An important increase in efficiency was cb-

tained with grooved homoieneous plates. Samples tested at

the Aberdeen Proving Ground developed ballistic limits from

0% to 50% higher than the best flat plates of the same

composition that have ever been tested at the Proving Ground.

In addition, one of the grooved plates,with a weight equiva-

lent to that of 7/16" flat plate, defeated the T1 (High

Velocity) A. P. ammunition.

Forty 60-lb. ingots of promising steel compositio.s were

made, forged into bars, and tested In comparison with the

usual 0.509 carbon homogeneous Chromium-Molybdenum-Vanadium

steel. Tension and Impact test results indicate that some

five or six of these steels may offer an Improvement In

homogeneous plate. Additional small Ingots of these compo-
bee

sitions will be rolled Into plate for ballistic test.

Studies were made of the effect of various preliminary

heat treatments on homogeneous 0.50% carbon Chromium-

Molybdenum-VarAdium plate. The results indicated that the

present heat treatment (oil quench 1600*F Draw 1100'F) de-

velops the maximum ballistic resistance and that variation

of the preliminary treatment by high temperature normalizing,

dcuble and triple-quenching, etc., does not Improve the

asAlity of the plate to withstand armor piercing ammunition.

The Navy Department encountered difficully with special

-22-



treatment steel for protective plates. Some of their plates

shattered when tested at low temperatures. In a oooperative

program, a special Charpy impact tesb was developed at this

arsenal to pick out plates with this defect. As a result of

this progr am, this arsenal is now making similar tests on all

acceptance test plates ordered by the Navy Department.

About twenty short programs were carried out on samples

submitted by interested civilian agencies to the Ordnance

Office and to this arsenal. These programs involved (a)

methods of applying hard faces to plate, (b) multiple layer

plates, (c) proposed types of bullet resisting alloys, etc.

I 3
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NON-METALLIC ELEMENTS

Centrifugally cast guns contain large amounts of

non-metallic elements In various ranges of size. Gontempo-

rary work and opinions of recognited metallurgists have

Indicated that while large Winclusions appear to have no

detrimental influence on steel, the smallest particles

probably play a very definite role in determining either

the good or bad qualities of the metal in which they occur.

The program for this section of the laboratory was a micro-

scopic investigation of the effect of heat treatment on all

particlds of non-metallic elements in centrifugal castings,

focussing particular attention on the finest ones, Pad a
correlation of this data with physical properties.

It was planned to utilize the ultimate resolution of

our optical system in order to make a thorough study of ma-

terial in the lowest size range. Initial visual inspection

and photographing of the unetched metal surfaces at 3500

diameters revealed that the preparation of the specimen was

unsuitable. The fine objective brought into view scratches

which had been Invisible at lower magnifications, which

definitely obscured the presence of minute included matter

and which gave the entire area a rather rough appearance.

Although this type of polish had beea satisfactory for pre-

vious work on metallographic structures, is was now evident

that etching must have obliterated any objectionable con-

ditions and that the technique would have to be greatly re-

fined before dependable examinations of taetched specimens

-24-



would be possible. It was essential, therefore, to make a

preliminary study of metallographic polishing before pro-

ceeding with the problem of non-metallic elements.

A survey of all available publicationz on the subjects

of the theory and technique of metallographic polishing re-

vealed that the procedures differ widely in details but r, ,

greatly in essentials and led to the conclusion that a prop-

erly polished surface, in a large measure, is dependent upon

the person who produces It.

Meanwhile, as a result of experimental work, a decided

improvement in the quality of our finished specimens was j
accomplished. This was due, not to the development of a

wne technique, but to the following:if

1. The adoption of suggestions contained in

several of the ritings which had been

analyzed.

P. The relevigation of our abrasives to a

very fine size. T

3. The development of increased skill in i
handling samples.

4. A constant mioroscopic aheok on the J

metal hrough each step of the polishing

Drodess, noting carefully the condition _

of the included matter and the depth and

number of the scratches. Inspection was

made both at low and at high magnification

26



using ordinar- as well as dark-field

illumination. Special equipment for

the latter was Durchased for this

purpose.

Verification of the advance made in our own teol'nique

was effected by examining the polishing done by others. A

bar taken from a disc which had been sliced from a centri-

fugal casting was cut into several pieces. Three of these

were given a mets).]oraphic preparation in laboratories

which heve been outstanding because of their work on pol-

ishing, viz. Bell Telephone Laboratoriea, Union Carbon and

Carbide Laboratory and the Laboratory of Economic Geology

at Harvard University. A fourth specimen from the same bar A

was polished at Wptertown. Comparlson of the four surfaces

showed the definite, superior quality of the work produced

here. It is best shown by means of illustrations which will

be included in an experimental report. I
Although it is intended to aim constantly at an even

greater and necessary improvement in our polishing practice,

the present technique has been developed to such a point [
that the original problem - the study of the effect of

heat treatment on non-metallic elements - may now progress.

MA
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Report No. W4*f 5, *0orrosIqn af 3 f.A Gun Mount

M2 $5 wais oompleted and distributed. Corrosion was

found to have ooeuwxed Irn t1.-i gun moun~t. Adhjec-1 ha~d been

submerged for 1? hours and left wet f'or '!- more dUys. The

corrosion weas for the most ,qrt hasocLtt.d with metpl2lic

couples. Stael n-zxtz In tahe vicinity cif bronzo were rusted.

The grease that w~as used for lubric~iting nurroses rfter the

storm, but before Ir&8nection was found to~ be highly eocidle

at time of Inspection. Corrosion w*As found. In the monel

cylinders of the equilibrator. This was attributed to pick

up of some dirt or pa.-ticles of noble mneta~ls as silver or

copp~er and setting up galvpnic a~cid.

Wetallic combinsitions may be unserviceable from weatr

point of view and from tnoint of view n- eo ton. The

properties of K !4onel, were discussed 1pat yenr. An

application re-?lird K Wonel to rub upon Itnelf. fallin~g

occurred. On. of ths roabbing amemberf! maiot be recvleewd

with *nothr metal. Bronx* was fouud not to gall even

If' unlubrioaWed TinnWa or eadmiun rn1pting o'ne of the

X Wonel. surfaees Is another methad of substitutift &

different metal on the rubbing surfae. Both nrevent

galling temporarily. Near of tin i,% such that galling

B~est Avaiable COPY
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occurs eventually. Cadmium plate tends to flake off'

readily. Liffused soft solder and silver soluer prevent -I alling satisfactorily only if lubricated. (Reports

5-4/24 and 34,/4-1).

When metallic combinations are Immersed in electrolytes,

galvanic cells are set up which may cause extensive =

corrosion. Stucy revealed that 16/ stainless alloy Is

cathodic to monel, unless secondary effects occur,

inconel, bronze, hardeneo stainless steel, chromium, tin,

stainless Iron, soluer. Otainless iron Is anu-lc or

corroded by chromium,,monel, inconel, bronze, out is

cathodic to tin. Non desirable combinations are those

ca-oale of maintaining a current of more than 0.003 ma/eq.in.

through a resietance of £40 ohms. Bronze with mone! or

li'/8 stainless steel or L23/2 stainless alloy or 17% Cr
4

stainlese alloy, monol with l/8 and Inconel with lo/S8

are probably safe combinations in weak electrolytes.

(R& ort 780/1).

This arsenal has studied Joints off 1o/d that had I
been made by acetylene gas and by hydro6 en welding.

Th- r-2 1reia had olcked un so much carbon that the

carbires formed a continuous network aroumd the grain

boundaries. They could not be removed by heat treatment. -_

The weld had poor corrosion resistance. The hydrogen L

welded metal however did not pick up carbon and the

IW
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wela was very inconspicuous. Heat treatment redissolve*

the precipitated carbides In the heat affected zone and

removed the *as% struoture of the weld so that It was very

diffioult to differentiate weld metal from plate metal

when examined at high magnification.

CORROSION RESISTrING fiATJEhIALS

A study of the to-callnd low chromium 46 sem.-stainless

satl revealed that when cxzponel to the atmosphere or to

salt spray rust appears equally as fast as on ordinary

steels. The alloy possesses mode-raze properties and

excellent ductility and impe.ct res2stonoe. (Report 1. A.

316/265).

The possibility of Improving the wearing propertlea

of 18/8 stainless steel by adding lowvor quantities of

Selenlum than usual was Investigated. Low Selenium 18/8

stainless steel waa found inferior vo Monel Lietal for

piston rods. By inference it will not be aultable for

recoil cylinders. The presence of only 0.1% Selenium in

1/8 has slight effect, if any, on trrnsveree Impact

properties but has a slight effect upon tr5lueveree ductility,

(Report W.A. 316/94).

The use of revietal 2 carbon wnich Is a high Silicon,

18/8 composition ae a direct substitute for steels for

piston rods was Investigated. After following manufacturoer'e

-29-
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recommendations for forging and annealing, the physical

properties were found to be too low. This material could

not be considered as euitable for the purpose intended.

(Report "T.A. 316/23).

A study is in progress of the properties of stainless

alloys containing 19-201 chromium and 1 - 3" Nickel. This

alloy is amenable to heat treatment and posseess good

ductility and impact properties. Proportional limits between

45,000 p.s.i. and 110,000 .o.i. are obtainable. The alloy

is aooarently sup-'ior in corrosion resistance to stainless

iron but is not as good as lo/d. It is cathoaic to

(protected by) bronzes and for zhat reason is considered

better than stainless iron for ordnance purpose-s (Report

316/22).

As a result of a rather extended study, it was concluded

that zinc base die castings containing 3.5/4.3% aluminum;

0.03/0.05 Magnesium and balance high purity zinc appear

suitable for ordnance purposes requiring many duplicate

parts whose dimensional tolerances are nominal and whose

dimensions are not large. To improve the corrosion

resistance a dichromate film, applied by dipping, appears

satisfactory. Other compositions are available, but they

usually contain copper which increases the tensile proc:erties

but which accelerat the ageing and the dimensional changes Of

F
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which accompany the ageing. A specification (WXS 8) has

been written around the composition considered most

satisfactory. (Report W.A. 671/1)

An Investigation of the properties of sand cast

Monel Metal and some of its newer modifications revealed

that the surface of regular Monel sAnd castings It better

than the surface of Silicon Nonel Castings. The physical

properties of the castingE submitted (and not of cast

test bars) were variable and In general were lower than

called for by specification. The addition of 2 1/2%

Silicon increased hardness slightly, decreased ductility

and impact. The addition of 3 3/4% Silicon increased

hardness and tensile strength materially, and decreased

machinability, ductility and impact to very low values.

Cylinders of stainless iron can be successfully

centrifugally cast. Heat treatment, to obtain suitable

properties is not as straight forward as it appears. One

casting that was studied after having been given the usual

heat treatment was found to be non homogeneous in structure,

containing much delta iron. The corrosion redistance was

not satisfactory. Refinements In heat treatment are

necessary. (Report W.A. 314/467).
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Several new bronzes hW:ve appeared on the market.

Saml1es of some hve been obtained for atudy which has

not been completed yet.

A tudy o! IncreaRed Vagnesium -onel Metal is under

w,y. The metal Is being used for guns. Tensile strength$

irp *"iite high 'a 1 0,00" urn. ner artu'-re inch for 8' for-

ging, with good ductility. Theme nrorerties are obtiLined

by old vrorking. InvestigatIon of the ability zf this

metAl to .borb energy -t vrrlous :nee,1 is being carried

out.

Corrog.ton in recunerator meoha-is using glycerine

solutions is now beln-,i tudied under service conditions.

Rock Islani Arsenal ha3s 155 mm Ho",itzers in storage and

this arsenal hfe I,' mortar3. The correctneex of labor&-

tory detail will be checked before fulrther develevewt

work Is undertaken.

B 1est/ Maw\able Cop



EROSION

In measuring wall temperature of a gun during firing, a

maximum temperature observed was 4850 C at a point 0.077" from

surface of bore and in front of the origin of rifling. The

muzzle end heated up much more than the breech end.

Data is being collected and studies are being started of

the effect of service upon the bore of cannon. Much more is

known about nitrogen, hydrogen and carbon nowadays than be-

fore, and developments in allied fields are such that It

appears that the hardening phenomenon might be duplicated In

the laboratory. It Is hoped that eventually it will be I

demonstrated what the white layer is, rather than what the
Ai

white layer Is not, from which many Inferences are drswn.

M
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X-RAY DIFFRACTION

Problems under investigation regard:

let. Studies in diffusion of non-metallics

in centrifugally cast gun steel; and

2nd. Studies in the distribution of stresses

in gun tubes that are Incident to processes

of manufacture.

The preliminary surveys have been concerned with the

first of the above problems. One preliminary problem was to

discover whether or not X-ray crystal spectra can be used to

identify solid non-metallics that occur as inclusions in the

cast gun tubes.

The results indicate that the method has only limited

promise if it has any promise at all, but further work will be

needed before the method can be discarded entirely. That is,

no identifications were obtained. The reasons for the failure

seem to reside in the facts that many of the larger inclusions P
from which results were expected seem to be of the nature of

glasses which are amorphous rather than crystalline. Since

XA-ray crystal spectra can be obtained only from crystalline

substances, the method fails for such Inclusions. Faint lines

were obtained, however, which indicate that some inclusions W_

are not glassy. These could not be measured because of theIA
faintness of response of the photodens tometer whichvs used

to measure the density of the lines and to determine their

presence. This failure of the photodensitometer, a new piece
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of equipment, was partly due to lack of proper adjustment,

and partly due to coarse grain in the films or other film

defects. Work Is underway to get better grain in the films.

Speoial development technique, worked out by Edwal laboratories

in Chicago, and improved photodensitometric measurements will

be tried in an attempt to measure these faint lines.

The second reason for failure of the method lies in the

fact that fine inclusions are deposited apparently in sub-

critical sized particles. These may or may not be crystal-

line in nature but there Is a smallness of particle size

below which crystal spectra cannot be obtained. Present evi-

denoe indicates that the deposited particles are of sub-

critical dimensions.

The second preliminary study wan an attempt to discover

if, in fact, there is a variation of lattice parameter within

the wall of the centrifugally cast gun. This work, carried

out largely with equipment at M. . T., was quite successful.

There Is, in fact, a variation of lattice parameter In the

iron crystals amounting to approximately .03%. This difference

veems to be Dositive and requires explanation. Explanations

attempted in the preliminary survey seem to indicete that the

difference cannot be ascribed to residual stresses nor to

carbon in solution. It would appear that it is a function of

diffusion of non-metallios. This effect will be studied quite

Inmtensively in the further proseoution of the problem.

.i5



Work In the problem Of stress distribution is confined

at present to calculati.ons regarding effects to be 
expected.

Experimneflal wor4 will be unmdertaken as soon as the apparatusisaalbe

AA
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X-RAY RADIOGRAPHY

The important research In this field has been carried

cut in connection with X-Ray Specifications.

We are paying a premium on X-rayed castings. Part of

this premium may be Justified by the higher quality of product

obtained; part of it, however, is due to the fact that pro-

ducers have a confused Idea or do not appreciate at all what

is involved where X-ray specifications are applied. For in-

stance, in an order for 19 cradle castings for 3" A. A. guns,

about two years ago, 51 castings were tested to obtain the 19

required. The cost of testing the additional castings was

such that the government in effect paid for two castings in

order to obtain one. In addition the casting company not only

made no profit, but lost heavily. It is considered that this

condition of confusion should be eliminated. To this end

there is needed a definite education of producers of X-rayed

products, on the significance of X-ray tests.

The Arsenal has been in a position to further this edu-

cation because of the fact that the A.S.T.M. is sponsoring

a National Symposium on X-Ray Testing this year, and the

chairmanship of the Radiographic Section of the Symposium

has been assigned to Watertown Arsenal. Working through this

A.S.T.M. connectioa, an attempt has been made to correlate

present current thought with regard to specifica"ions, to

define in concrete terms the significance of X-ray tests, and

to present to industry the crystallized thought and practice

-37-
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with regard to X-ray tests. The work will continue through

another year. The present work reaches a climax in the pre-

lim-inary reports of the A.S.T.M. convention in Detroit in
A

June, 1935. At this time, preliminary reports will be con-

sidered and plans made for the final reports to be made in

June, 1956. These reports will ccnsider all phases of radio-

graphic testing. In particular, attention will be given to I
establishing definite policies with regard to radiographic

tests which will eliminate confusion in the minds of producers I
and to establish definite criteria for the judgment of the

quality of products that will be acceptable alike to producer

and consumer.

To this end expressions of opinion have been asked from

about 150 producers and consumers, including the Navy and

Army Ordnance establishments. The final results will not be

available, however, for another year. The results of the me-

iimlnary symposium- wII be communicated at an early date.

Tnase results --iII consider such questions as:

1. What things should be specified?

2. Definitions of radiographic defects.

3. Interpreta%ions of X-ray negatives.

4. Recommende forms for Specificaticns.

ii



SPECTROSCOPY

During the fiscal year 1934-1936, the grating spectro-

graph completed in 1934 has had numerous valuable applic-

ations in qualitative and quantitative analysis. With the

aid of this Instrument, the analyst has been enabled to per-

form rapid preliminary identifications of unknown materials

prior to wet quantitative analysis. Thit method of attack has

been useful in the analysis of unknown ferro alloys, foreign

armor plate, monels, etc., and particularly useful when the

amount of sample available for analysis was very limited.

Where qualitative analysit alone is sufficient, as in the case

of metallic coatings and plates, spectrographic analysis has

been rapid and positive.

In the field of direct quantitative analysis,the spectre-

graph has been employed here in two different methods of

analysis- the internal standard r.ad the comparison methods.

The former is applicable whsre there is a series of steel alloys

to be analyzed, the composition of which Is constant except

for the variation of one or more elements present to the ex-

tent of 1% or less, (for example, molybdenum in centrifugal

casting steel). In such cases, it is assumed that the Inten-

sity of the respective iron spectrum lines will be constant

from one steel to another under unifcrm conditions of epectral

excitation and photography; but the intensity of the moly-

bdenum lines will vary in accordance with the extent to which

that element Is present 1 i the steel. Therefore, the intensity
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ratio (determined by the photodensitometer) of any convenient,

sensitive molybdenum line and a nearby iron line Is a function

of the molybdenum content of the steel.

Using this internal standard principle, Lt. J. W.

Hansborough, In his thesis research, has attempted to estab-

lish calibration curves based upon a series of steel standards

of known molybdenum content. Very accurate control of the

analysis of the standards Is necessary; further checking of

the standards remains to be done. The same method can be

extended to cover other alloying metals, such as nickel,

chromium, vanadium, etc. Using similar methods, Lt. R. H.

Cooabs, in his thesis work, has Investigated the diffusion of

molybdenum In multiple pass butt welds of .50% molybdenum

plate and plain carbon electrodes by spectrographic analysis

of a condensed spark localized on the tips of pyramids aut

.10" apart on tt- face of the weld cross-sotioa. He found

that the concentration of molybdenum in the weld varies from

layer to layer but Is remakkably uniform In each layer.

A second method of spectrographic quantitative analysis

is based upon the comparison of the spectrum of material under

analysis with the spectra of synthetic standards containing

known concentrations of added Impurities. This method Is

applicable to the Inspection of purchased material whose

specification requires analysis for very minute traces of im-

purities. An approximate analysis of a very pure grade of
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commerclal zinc was made by viiually comparing Its spectrum

with those of three synthetic standards consisting of chem-

ically pure zinc with five different added Impurities, the

first containing twice the maximum allowable acunt of the

five Impurities, the second containing exaotly the maximum

and the third containing one-half the maximum. Similarly,

bouchon sine base die castings were spectrographlcally

analyzed for traces of cadmium and Iron by the comparison

method.

Another Interesting application of the comparison method

Is in the determination of minute amounts of residual olemente

In gun steel, with the object In mind of correlating their

presence with physical properties of the steel. Preliminary

spectrographic work has Indicated the presence of traces of

tin In gun forging steels tested, and a series of synthetic

standards of tin added to acid solutions of pure Iron are

now being established for Its determination.
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GUN FORGINGS

in the studies of f ,gs a connection was defintlely

established between mac." zructure and heat treatment of the

metal. The particular characteristics of well treated metal

subJected To lotng normalization at higher temperatures were

ascertained exper.mentally. They served as a guiding factor

In developing and establishing heat treatment procedures fqr

centrifugal castlngs for cannon; for various forgings; and

with grezt wccees, for working out proper treatments by one

of the manufacturers of gun forgnge for 155 mm. cannon.

With a new installation for ma-croetching, which permits the

study and reg!strat.Ion of time and temperature factors during

etching, it s believed that practical results leading to the

proper control of heat treatment and the possibility of die-

tinguishing the quality of forgings or castings will be acoom-

plinhed. That problem In its final and definite form, has not

yet entered Into the scope of the work, but preliminary mater-

lal is accumulated In sufficient quantity and the method of I
attacking the problem, as well as its practical possibilties,

are now clear.

The anolicatlon of the macroetohing method of inspection

to the gun forglngs for 105mm. A. A. guns and 155 mm. guns,

procured auring the year, afforded an excellent opportunity to

test and develop the principles and conclusions found previously,

-when the method wa applIed to ra, forgings of smaller caliber.I-42-
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The tio~i usefulness of the method was finally established

and confirmed in all stages of cannon manufacture. Particularly

interesting is work, which cannot yet be considered as completed,

on eetablishing the relation between the macrographlo data ob-

tained from the maom-etehing test nd the efects that appear

in the gun forgings as they rass through v&,..us stage& of

manufacture. partic,.Lrly the cold worftng process and final

machinIng ocretions. Determination of the connection between

these defeets and various factors in the manufacture of forg-

ings was definitely established.

With a definitely worked out vethod of masks, determining

the limits of useful metal constituting the gun body, it Is a

comparatively easy matter to make predictlonF regarding the

F__ success with which a forging can peep various stages of manu-

facture; it is also eb.,y to predict the character of the frac-
1ME

tures to be expected in physictl tepting and, to 4 certain ex-

tent, to predict relative values to be expected in that test.

The causes of "laminated fractureS, of Owoody fracture*, of

Ofake-like oondition", of "white strea-ks", of sand-splits",

of 4orack-like formations* at the edges of forginge, of dark

streaks appearing in the bore on cold working and on the sur-

face of the guns after final machining, are, it is believed,

well established by observations of the guns passing through

laboratory control and manufacture at Watertown and 'Watervliet q

Arsenals. Preliminary work in that direction was done during

previous years, but a final development of the method and de-

cieive studies were made during the past year. It is under-

-4M3F
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stood that further accumulation of observations and data will

only strengthen the conclusions already made, and this is

highly desirable in the interest of further pogrese in the

manufacture of cannon.

Considerable time was devoted to a thorough study of a

defect known as 'flakes", which serves as one of the princi-

pal causes for the rejection of a very large number of forgings.

Particular opoortunity to study this question, highly important

in the manufacture of cannon from forgings as well as from

centrifugally cast metal, was afforded by the submission of

materials and data by the Navy In connection with some Navy

a gun forginga. While experimental study of the question was not

extensive, the study of practically all available literature

(in English, French, German and Russian) was carried out. The I
experimental work done at the Krupp Works, beginning in 1905,

well explains the bold use by the Germans of such steels for

the manufacture of guns and for various ordnance requirements,

which were avoided by other countries. The study definitely

indicates the necessity of putting the heat treatment operation

in gun forging manufacture on a highly scientific and up-to-date

engineering baste, with proper attention to furnace equipment

and technical personnel. Auparently, further developments In

gun manufacture will be closely connected with these factors.

It is Intireeting to note that apparently the methods of in-M

spection of metal under procurement for cannon, as applied now 0

at the Watertown Arsenal, give sufficient protection against

--
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the .unexpeoted appearance of defeat flake. In various stages

of menufaoture and cause no belated rejeotions.

The morograpaio studiee of gun forging@ were closely

oonneoted to studies of the %ae character on centrifugal cast-

Inge for cannon as well as for experimental work used In de-

veloping this method of gun manufacture.

The oorrelatlon of ohemical composition with the manner

of crystallizatIon and distribution of various zones of crystal-

lization and distributlon of various zones of oryntallization

resulted In the lowering of carbon content in the metal in

order to obtain a more homogeneous structure and to exclude the

preenoe of undesiraule Interdendritic voids forming the seat

of defeuts leadIng to unsatisfaotory fractures and irregularities

in physical properties. In connection with experimental cast.-

Ings, the studie resulted In establishing the fact that with

highly alloyed metal for centrifugally cast guns, it is neoess-

ary to consider better practice In cooling the metal immediate-

ly after casting and, in such further operations, where heating

and cooling of the castings are Involved. The appearance of

flakes will follow any lack In proper prooedure in such oases.

Considerable study of the material available from the

manufacturing data of oentrifugal castings, together with add-

itional observations on castings and guns at various stages of

manufacture, Including systematic boroeOopia examination of t: .

bores before and after cold working, have led to establishing

quite a definite theory on the process of free*ng of the
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metal In the centrifugal procees. Psrticularly important Is

the Dart pleed by the formation of cold shuts of variouas sag-

nitude: this connects definitely the success of oastinfm with

such factors ac preheating of molds, proportioning of pouring

rate,, toperature of metal, etc. It is interesting that a

oortain )nralli1t wai,, etiblished in the defects of guno

forged and guns oamt centrifugally. Further maorographio studies

of the whole nubJect are essential for the develovment of this

method of manufacturing cannon, an especial point being the

changes in structure caused by chdnges in profile of the molds

and the effect of such ohangeR on the properties of the oast-

ings. In that rr opect, cooderp.ble ratftrial for 4tudy was

presented by the mmnufacture of 1!1 Mavy guns carried out by

the arsenal. 3ome definite conclusions were reached, but further

observations are very-essentlal for the continued success of

the process. Careful study and consideration of the maoro-

structur" of all oastings to of great importano in designing

molds for gun *astings of small and large calibers, or for any

hollow bodies, such as rolls. recuperator cylinders, e t. From

the accumulation of such observations and their systematizing,

it will be possible later to develop certain general principles

important for practice.

The arsenal's experiments in making steels of various aom-

positions for armor plate served as an excellent and rare -

portunity to collect data on the effect of composition on he



mode of orytallization of the metal. This first-hand

InformRation, which showed the effect of such important ele-

ments am Chromium, Nickel, Molybdenum, when their content Is

brought to compnrntivmly high vlues, represents a very val-

uable material for the development of much manufacturing pro-

cesses as the centrifugal oasting of guns and the development

of the Interpretation of macrographic inspection of metal. It

is aluo believed that consideration of the macro struogure of

armor plate, In Its various stages of manufacture, and corre-

lation of the ballistic properties with those data may be of

considerable value in developing desirable armor plate. Con-

tinuation of the work Is thought necessary, especially since

it deals with hlgi.j.* alloyed metal, which apparently has be-

come a neceesity In contemporary gun making, and about which

there exists only very little Informative literature.

Considerable interest was conneeted with the continuation

of studies and correlation of various manufacturing data on

gun forgings. This year, the necessary information from the

manufacturer was obtained almost simultaneously with the sub-

mission of the test metal, and thus the opportunity was afforded

to correlate prooerly the studies with observations on the guns

during processing In the shops. Among other things, It ap-

peared that gun forging specification requirements for reduct-

ion in crose-section during hot working are Insufficient. The

manufaoturers never use as low a reduction as 9 to 1, but

r*ways a considerably higher value. Variations In the emope-
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nltion of the metal do not present *fny (ltffe-rno in avwrs.,

ptkysIoal properties, the prinoipa) differenoe npoarently

lying In the effects on meorostructure; In the sae of hot

working, and thm manufaoturer's habit of using thAt Somposltlon.

In this oountry, the vrlittionn in tho, method of nnnufacture

(canting practice, forging, heat treatment qnd even safupling

onermtIons) are such that the manufacturers clearly demonstrat

the laek of nufflolent experience in makInle !rger gun forgine.

Apparently, the manufacturers often punish themselves In not

oonldering in greater detail the prooes of manufActure and

not having more suitable equipment (furnaces, preses, molds,

etc.) for manufacture. This fact, of course, reflects on

price and deliveries of the forging., and also on the tendency

of manufacturers to pass through unsatisfactory forginge.

5ubstantial confirmation of these points was given by study

of the materials in the Navy guns mentioned abve. The prin-

oinal cause of defects of so many forginge and all the trouble

involved should be considered as the unsbtisfactor7 technical

treatment of the problem and lack of exper.ence, and, there-

fore, knowledge of the subject,

Quite an important developmon was firmly est' blished in

the technique of study and Inspetiorn of guns during the pat

year. A series of preliminary observations and eperiments

clearly Indicated the desirability and @onorate poiuibility

of applying the maoroetohing zet ed to the Investlgation of

the finished surface of the bore of the gunp, without possible

- 40-



Injury to the riflIng. This year e dfoinite experiment war,

ace on several guns at Watervliet Arsenal by the eterf of

this arven~l. Oultable plugs Pod ts method of introduation of

ltaul4e were d§vlnenl .o that only a: defrnite portion of the

bore wus ttulected. The neoespary Int;.ection ind measurements

.er, oarried out by Xt4tervliet Arsenal tv prove that after such

trotLuent Lb.h rurraicei) of the bore rie.9innned In satisfactory

oondition for eervloe. It e heltnved that thene experiments,

oonfirwinbn cor.pl.tely the previous ctudies, oDen a new way for

practical experimental etudy ofmmany questions conneoted with

the design and manufaoture of oannon. The above Is especially

true if the methods of borosoopic examinations and recording

of revults are Urougi-it to up-to-date otandards.

Studies of metal for breeohblook forgings, which are

carried out In cooperation with Watervliet Arsenal on stock

procured for actual manufacture, were continued with some def-

Inite results, Important for immediate application. It was

estoblished by maorostching methods that consideration of the

length of the stocle, together with the maorog&raphio pioture,

presented by t test metal @lobe taken at the extreme ends of

the stock, Is an essential factor In seleoting the stock. D)-

finite data for a specification In that respect were obtained.

It shows that the length of each bar under procurement should

riot be more than 6-8 feet under usual condltions of working.

It further showed that reduction under the hammer It not deevi-

able, and even when applied after reduction by a hea,7 pr oes,

-4.-



It waF superfluous. rAeduotions under prea give excellent

results, when carried far enough to produce homogeneous

maorootruoture with practically all dendrites disappearing,

A maoroetohing test, as now modified by Watertown Arsenal,

together with production dAta furnished by the manufacturer

at the time of submitting test metal (in accordance with a

special questionaire prepared by the Laboratory) allow not

only An estimation of the suitability for the manufacture of

breeohblook metal, but also make possible the saving of a

oonsiderable)part of the unsatisfaotor- stock by indicating

the length to be discarded.

The method thus developed Ic already in operation

(although further studies are oontinued when the opportunity

presonts itself) in order to establish more exactly the lim-

its of variation from an ideal maorographic structure, and

In this manner preparing certain margins for future necessity.

This work Is important for immediate application; it was

found beneficial by the Watervliet Arsenal and attracted the

Interest of the Navy. By necessity It is slow, as the r -

sults are founded on actual manufacturing data, beginnin

with the procurement stage and ending with the final behavior

of the breeohblooke in service. This year, Inveatigation

included breeohblooks for 106 ma. A. A. guns.

In order to expand the applioation of the maoroetohing

method and to allow its substitution for less appropriatc

freature testes speclal experiments were made to carry out a

maeroetohing tesot on ordinary surfaces produced by sawing off

-80-



the ends of pleaes of metal* The resultn Lndinated oom-

nlete annlosbility of th. method In %uoh oases. This fnnt

deserves pinrtioular mttention In oonneotion with arel1fioa-

tions for the proemrement of st:)ok for shells at any stage

of its manufacture. A coamIte developmpnt of r. definite

method for th1% rnrtlculnr ease *,ILI take very little iLmep

In view of t.ht materifl skoumrupitter] In previoue ntudles.

'Aueh grerter uniformity rnd rfLAbt~ity in nunlity of the

mnteril~ for shells will be obtttnei by the oubetitutim

of mncroetohing for frnatu.e te.t.

-5l-



The lutest nrfrotie 1, ,.: rec, v . th,h-r rftr. time terit

dt'cas are rubmitted thr, cmnlex rtPLH:rgwL hi-torry -,f the

forging under oonnideratton. In thi, mnn,'or the ,hysielal ter-t

r.nd mqnroetructure ,rf -ieflnitely correl.r,te4] , .n nde, rn4 th,ir

cousoe leterminri. T:hen vrl1xe q-. re rit I n t") .rionfti4R

"tfndrim,, 8ei,-e;ttonM r e if"er)rr for inirovement of the ori-

meet the time limit for 4eIverry much I..;,tter then in errlier

yorni', nn'-!w, ,','er forgtrgs rc bering mr e for ny one order.

Two oompanies made a totpl of 16 forgings for n delivery of 16,

while one other company mnde only 15 forgilns for a delivery

of 1 forgings of lar~e siz.

Tnvestigations were mtde for the NAvy Department on de-

feats found in recently finished gun tubes. It was observed

that with the nresent Ordnanee Department prosecure, w ich In-

cludes mnroetching, metal containing flakes would have been

ooupletely rejected for use by oonsidering only the test metal

shipned to this arsenal, while the body of the forging was

still at the manufaoturer's plant.

Routine inspection of purchase orde material in4aded

for severe service has broadened to inolude breeahblo&k steel$

tool steels, stainless steels, all types of monel metal and

bronzes. The result has been that therm is parotially no

rejeotion of defeotive material, and manufaturing eohle~es

are more easily maintained



krolnal InK. anid forgiW~ 'wero stuelled enn- their re-

sutlts oorrel~ted with nurlv.4ed ror~lings in order to estqtb-

ll±,h tht effect of n'rapar oomTnoltif, tmount of reduotions

prer Tf~rF~tuetre. The of-p'rot of vsarV'sux hervt tront-

mu~stv inoluclin; MM tormor'jture normt~lliiing were othcis 1A,

hrve P% v, ry leftnito nmrrt In r'hr 'inu the me rostructuQre to

V:-wgings of Pir,~ ta "4Ath llmits.0 Amount of reduetioa

d~uring hot vcrItng hefyi v' bon oretully -tudled, In thla

group, oontninr.rr ror nolA -o,"kin~r hsive m',kowri A marked is-

nrovement over t,4 ycirq ag~o, The Qteel wtke forged better,

had better hemt, tre'.tnvu'n nayi mqcrostruaotzre, and shoved

fewer atreAs of confenrtritei lm-urltI~f than earlier eAb.



Among the various metaiog rnhic s ttdliee conducted

during the past yel r the folloinMg ,re tynical.

Numerou Penimen- -if ?rmor 'iercing bullet core stock

were examined nrt or t t1 tr --tmerr to -seert-in the- m-_

lity of the met- i. The Fteel s nortznercia!y clean but had

a dec'dedly ban:ed ce-ter. Th edi;would give directional 4

nroperties an 0i orobtbly ~ulC nt be removed in heat treatment.

Thi-s banding 'as the resuLt of rolling the ingot before it had

become homogenized in the sn kinf -it =t the steel mill. No

eurtmce d-...rurization "a f'oand in Any of the nec iens.

This nrevtou? f-Mult had been corrected.

Several years ago a high speed steel was developed at

Waterto:k'n Arsenal uring moly denum in niece off tungsten. One

of the difficultles in henst treating this molybeu high j-
speed steel is th-L if heated in an uncontrolled atmor er -

decarburization and demolybdenuization resulted to such a
.enththt too much grtnding was necesepry. However, If a

suitably controlled furnace ataosnhere or borax eoati.z was I
Used, this trouble was renoed. This type of s- oted

by the ad-ition of s 11 amount of tungsten is now a oomrer- 4
eil noroduct sold under the name of 5ao-?wg. Ws are users 4
of this steel in limited 'uantties and since the installa- --

tion of the Hayes CertpinCurtain furnace, in which the fur-

nace atmosnhere can be conUolled, we have e3periments_
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W~?tC thet norret baoqponhere rr tt.v- ty. or vteo4 asm

n' El-J to Viw iO U t.!o .0 th, t no Oft odgeda r sirfae*9

r~ r~o We L't Uac ste*1 1 -1 j4)vvi nUpIlty.

~nfz~,irvt". ;a r~c~ o i n- lot ,hich tal.'o r

~ . dbrraLy If. the rr~.o h 'I, nvois t~igotti, of the 1

sohI Ath thI ii. It niO !)&,- bras y burnel In h.', treat.,

mient, but tho ,4toyl~ '1)Al -ire viv, vegro~,90, ThLs

Wki'tj:; 313 Ihni. Lh meln mAnt wis laoered

to he! h t rfyr*An44 taneoui *4m* In,,sounh ?is il moser*

estoh inn-sia~tif n ,o.' '-.o ory~ .asly mvrie, thfo hefat, tr~nting

ty'rs, Uijt A'ero in -to , 4y.thont tro"'t*'4, Rtgr

they were *A-thir.,in tr.u totwk. RoomenatIon WAS *Ad*

tt~ all toil 3ti3q1 biar should be m~ar*&4h*d on b-'th ende

&4e nart of the *o.,entmnoe ir.%e**otion.

Mon.). uotcl aqt1m~s have bee ,B Stui1ed with the view

of 4~rnin retin..uent by host trertusinto Varluue ?aat trtt.

ment ! hav, been tried but u~ rar hittift or n.) sucrome h*9

rasuited. The reota~ar avonel net.4 Is it solid bolutlnn Anid

'xithot marked tranaformsitiori nlnte Such meta do not

Artain refine by thermal treatent inf the Absence of' eold

work. Hlowever, some oft the abme oastiMs were nt of the

reg~ular tyre but had addiLopu of other elements and It was

honed to exae grain reftnement by tChereal means.

to thes eentrifugial 0*4tiigw &t time. are found numerous
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cavItIes toQ smal! t- rar.4e r JectIn t(orling to the

physical -rnerty te-t - it . _ t no -:ibIe that 

rauto-fretting might dlstort th-r -vit It en)ugh e that

cracks oul resu Severtl ---c- -, from cold rorked cen-

tp 4rfusai -a.tin P Ve e ..... d s far no dtor-

tion has been noted. Therefore it iS entatively believed I
I that I-f t he cvitI s r s n ot 7e rti - W eoust to 0aau se re-

*°- jection befor- --ao! ork, thtr ill :wt -suse trouble after

cold work.

Som4 t e ~ber - th- ~eror -'itted ere taken out
of service =n- -en:. -n t ;eert41 th euse of r.ittinl.

The steel -s 5 ;,. ility an uniformly beat treated.

!;: .In short, nothing ras f ound t be wrong Ith tbhe metal. It

is 2ugge:ted th;t rceainT -ter use or 1w roeri
A in eorzg r th- Case if nittin .

A ieatie from : lsthe "ed wts ubmitted in eonjune- A

tion, with hi b!-or Ththes received4. The makers claimed

that the Ow -F' hi d r deep) "chill* a&v thA thi: chill would

greatly lengthen- the ie of he b the bed. It s afound I
that the chill* did nenetrate about l~belov- tL=e fin 1he

surface, but the "chill* only i-ffected the grain and gra-

phite size. As a matter, of fact considerable malleabltza-

tion occurred just under the finished surface. This would

cause soft sn-at- along the ways instead of a hardened our-

face as claimed.

--- 4



Ph~ysical Properties of~t~r5sI

Low ~niHimhTem erstare Pr-rerti:es

In view af1- the uie of Orinr no- mtrtsd rnier anwjaitionsI

involving extreme ramges of taazr- -rnonh rs in guns an-d i
riflep bi-rrels subjWectedlf to r± Pire. - "rogran ?a s instiga.

t6ed to determine the, tesinronert!, of thep mr;teril orn

ociton n'~us=e t'or 3loh rrrts. throughout c- r-nge of tern-j

ner-turec from -1100  to10 -l00F Tedtinea conclu-I

sively em-tusizes the necessity of giv inrutreater consideration
to t-he nxy1-icel ronzertie of -tlirsr uc enraue

asmyocecountered ifl s ece, since mts.ny of the -ccarost-

tions now used snow-l ri ecded f Illtng off in t5ension strength

ae the temnerature is Increased. Te resau-te also Ineicetetnitely sunerior under the temperature conditions encountered.i

This tnvestigati~n Is being extended to Include other "jsiblej

useful compositions.

tA the- renuest of the Navy )e-nartment, flureau of Cons-trucIF tion -nd- R-enair, this laboratory 4-eveioned a method of tension -

Iinact testing at low tem-neratures, tlhh, when anlied to b-e

cial 'treatment heavy armwor Dlate, 1j! successful In nicit out

those plates which shatter when baflisticaly tested -A low

temneratures, -such as below t2OF. From the data obtained re-



Iquire-mOntS 'nve been ino-orno ze& 1s ite sr Ietinfr

thta -aeI;,for tenston 3aunpct tezsV t b)p rne from eroh

nteat normal room temreratuwe ;Q,5 -fl00?.T T1hi tite m

nacttes rnotIn- cte !efirntl bh 1 bsiitic ro-er-

toi teit i:- er'-eec thrt -11 th e comc' el on

of t' hi, ane-ed imnl=.ct te-t'n be ir o ns true-

t ed Ruc' -n'vertie am br _"n e.

tnvestliglsttons of' u..t. t~4~Z -11 1 ct tesltin; Au-rmit

ILIh~ sirt fIscet' yer ha e rv e o t tr F tet the neesaSity

of r-hlor Wti U f the % fa1 7- e Velocity and ('on

Of z-t-C.Imeni If oh omrlete~ zvncmi nronerties of rPtnr-ials a-re

to be eteruin -zd. tt has bee-;-n vtery sho-m thr tniter-ma

sensItive to velocity chan'qes,. -mme ertreInel so. but tl-Irt thisJ.

effect is not deft n1te lIy brou't -ut unAer the oresent methods

of imattesting. Stuies v wious forms of snocimemn nc

have idicated the nroaabiltty h + the nresent qtanda-rd TPor

of snecimen Is not the most dA--Arae for the nurnose. Addi-

tiofal o~i e don to --antis undesirable situ-

r t~flthe Study of the suMbject Of a. relation betw-een thea static
~ru wmnamftc tests has rrosrecs3e to the point thvat it eman b-e

cone ludeA that the mechftat-sm.i of" the m'rodes of dzeformtion i

essent-.Iay the same under= both con i tione, rrnd that the d_.ynee

mic oronertiesA of a 'f-terla1 areweendent op. three naj==r IaM-3

toe olume, velocity of' the ar-nied force, and mater-ial con-
A

7r



di4tion. 1T!1ie tu dy hFm as shzr Uk' %on Asr oete

k nowledge of the dynamic nronertiev T;nr-4-I, iMIVnct tests

shoui_3 be conduotea3 through t ez0 loi'Vc Z

tude it icient 'to de-finitely 'reval-- 1,l t r-i~ 1.r-!* I- t.

I Tis vt s been eirteandedW t~ tL~e testing O er

Ioruher -thern -ire11eotntry te -i n-5icste thlo n-osiblity

of devlo-ir s tztst metbA Thereby dvnantnlc Dreseurems

c an &e orrec'tly ... ;o hs !ra t "roduced

-5o



Ma3kcanese Problem u

in-,!u2 try in gee& ic f-aed t.1th thle nrmblten _-f -rov Vt nga

~nt~Iat na ean :-eme i v ~t -zelrtn_ 'rcie v-- the

Unix 4hry y ~ re x verag 3i !!.a- r~ourr3-- ,fretallic. mn -

nr 
t

i-ce, themsnr-pnese is -mAoea in f oma fer-ro-man-_

p_4 n a Elo,.y fsar-ze from aw4~n~ o res contInx _ lat t

trA IS Cr res of thts gra-de a-re rtiiyfe-' In the ;initeo.

ctr, inrcr, t y enAr s, ze vml P; th: 1y 4s e el n d

for the bnef ioistton of ' lo.--,-~eor of which thei e _

maeny rdeiiu seoi~latLoun try *Due to unf avorable -
econormiQ con.2itlons, but ane if the vs rious tenet iciation Do-

CC~rCE b een opersted successf-, ul y or, omireroiol bee

Theef retheir~iemof mneiat sinotesor t erro-mmn-

nese in ain -mer-ency1 Is still off se-rioua c..nseouence.

rTs arser~al has utriertaken an exner-imental3 nrogrem

whit~n 'has au an objective the apnioation of sonie subst~Itute

for innnganiese in the manuxfacture of steels in tkw high fre-

-uencoy tattati1,41on fi.znacie. It Is -Si4te possible that ua

subst-itute , iffoun'1 may be e'uaaiy annilcableinte a-
ufc.cture.of o"e neftrth ndelect-rc furnarCe steels. Possile

sub ttutes for ferin-anganese ere: (2 wmnganese alloys md

fro lnIox-grade ores; I.e. an tegelei en, sillco-mangamnese, etc.,

1) other deoxidants, canable also of combinin.g resadily -Ith,



S11)hl &U1 h -'S zirooniL , tlttLntum, ate@

'.1 ie M&~ rri aetic-y f urprv'(,e- 9 ajitoon rhou1d be rul.ded

Short timew tliere.,pf t.r - pr )baaly tbout 1/.1 of th. orv-

ti> c time itorve). l, tvwen the t1!rf o? addcition of, the 13il.oon

clv Lhv; 4'v t -rhih the- hei-t I.; to be un~red.

T'y iunh sirooetdure,. It r-.-)v1Ae to Inareftso thr- ten-

,-; tl.e T'r'yten-Ile imo.,t Aritrwt -bout V, 111, voith.

out 'crc--Le in elouiv-,tttn or r.-'untion of Breft.

St.ol: ivr-Ae ofttk!r *%ti: mptho-li ~niiate- showed xamllrar prin~ry

gr.-iln cize but nAt c'%eki tmlorosoovi~clly) a were

et4 tJli rde - IV, othe~r de ic-1tA.0gL prz.ctlaae91

(.lurlnrcl current ye4Lr itudij of the Smin-i.e re-

1 6 1 ; tn % 4 p -xr #e -nl~ It 1V. n.- pvrnne'J to carr" forward

thJito phaes of the ,iroblem dealing with the use or su~vt1%%W*s

C3
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-At tie big-flflif of) ttl3 yeM"l nr-rm ±u :s aly

for zs)L erin; -na teol -ma e te.- -:e' tenisile ttegl in

f th-a;;ecth entic ratio[ ~of iaa ;re La miu touch 0 ~ u. nIf~l~ ls

Vthai IO k v t  Tuntut oc~ ti si-ly -ndifcr~into.

3rt1' them~ristt tnsie esneoia-Lly de-

iLt* t' o r to t1S4A± ) -r n__4- sm ll1

dlC 2h- v tt-on -7t her or wit the

IQSolres 4 . flt = rnu irmns~ itng.

thiOfe& as---.- ---- a~ tooza *~-$ratttt I lei!st

=1a.37r ore Ce ed to belirtvslc

-t~ .- - -a tudy,

drin~ teml-keratLurees for- a oonmaiderable ti1.me& a-s in machiAne --

dLert; xdto tests on the wnore-ere con-ut- byv1 1 firx

shalrzAinhe A--xnoen -z la-rge &rxfse ri tescrrknn

hol-ArS a tonftg are -for aof two ls(tn- br-S4fr

freezting thrs q-oder waaC -a-ain regrinaw the RtI-i inl 'it due

tO OXbldation w~- us9e d I n grdi~ t5 1 ag I iy f a lder. It
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was found that in the sixty solder- te=-ted the solderp that
i oxidized badly aIao had the lowvest tension strength In shea^-r

(probably due to more or less oide 1n the S=older ed Joint.
SThls oxidation test ell ina-ted s-li1 the alloys cant-taining

tin, ndmost of the al-de-- canta I in blamuth exept% tho

g alloys containing zini -lup ssAii am:u.nrts . of bismth. The sol-

i -4 ders eont z g.C- nLr tin --=re --... ... .,I l d fbout oxidizing an
Ithe axde gru I r lid no, form T t ontinuous film; i

factoxidized In half an hoh

and the oCide e~y-0ne-_ in very norous granular manner which

< a verflowed the eont Iner Wou have re air'ed a contaIner

H

many times the s Ize u Se ho1d t. I tE was foand that I t was

AP1

:the iadmoim-tin s.ton ht was responsi . T: telloys containy

acys ontaining zinc oand bismuth .continuous film rather

quicky but once the -:Io ut formed it asted Is a nrteeting

Sfilm nireventing further oxidation, or at best t--,idation pro.

C eeding at a very much retaded rate.

Oxtdatien tests wereru conducted with the solders contpi- S

tin oith the Surfvce itected with mited zinc chloride. No

Oxidation resulted as ongi a the zinhe hloride remained, but

zinc ehloride siovly voias-tilzed and fumed. IThis shoved that If

T

mti the siolder - hfdte was footeun t th wa

no further study of protection of solten solder was canduetod,The n t esut of the oxidatio tests, co led with .e aealo

silo srensth of soldered I joints was that abo t eI&h I-

ders all containing zine -re Select far further sudy. I

qucl utoc he i'aW5Sfredi ceda roetl
N: I
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One difficulty in tes in, with the Chsrny Impact ztcehineIj as at once eneountered. The resultc variled widely, On. study-

tIng the runtured te-sts 1 nte thet jotnts having high In-

pact strengths had !-argo fi'Mct: Thll tin-se having low impact

strengths had smallfjtS

Study wa-5s conlucted e m r- the eV' ect o? fillets on -

both tensile and chary r- f -ie larger fIL-ets had the

greater strength In bat.h t=-12" - jxrcot value:;, but the

Charny imoact --as by b thn- motensitivea. A certain shaved

fillet was adontefd for suose-=uent work; better result* were obw-

tamed. Hwvr, there s~re 4still 1 too man vAriations and this

recuires m-any tests tortare'table average.

Tests are still being conducted1 so, that reliable averages

can be obtained; it% is ernectedi that- a sufficient number of

tests will- have been matde by the= end of this year so that a

renort a" be drafted.

FEET



Snecwfictiona

_uring the nast fiscal vesxr _t=enidea~l sa

tirltv in connection rtth terevi-wt-ng o& nronosed new f& r

vIs ed ~rDenartment And FederUsl eiic ios This vorL

co-iv e re d both ferrous ann6 non-?ermrs jetrtals In the form of

roca ?, nlat s,!h ct et 4 -m., castings, etc.,

311and- So j$?In t-' t ~ nt A.Ucles and', e -uivli:an.

onai t--'i u w.M ;2 snewwlt In -I'P'ilrth Federal1 specie

ejrt - M-.1 51 G-enera±_r S--~ =' I ic n- r Metna. flth-augh

this qne-~Iattif h- beuen -omwp~ I= 74ed to bring it Into

4nnf1 nnj+y with existing~ com"'erclf- 2-'lardIS, such a-9 ASTI

ara~it 1 ti.i, ru01- _= rrrovement, esveotally as

c on-er t_.ttvr t'.rz (l a m w-hz0nd rocedure. There are

s ever1 aet a of this 0I-c:v ' o h1ich are Innracttca]l

of &- .shuld!~ '- througbiy studied and

sbem.' t-v farther revised.

-aa chanmea in s iren of metals h -ve mes-

cenfly been published. 53br eafln of revision of correan on-
ly a-Z4-.

.pang arU -silctil be ncr t- nerl ae

_NA



Document 2050

A tentative revision of 71arts T, I, and III of this

namnhlet ha been nrlensred for iesue to the various estab-

li~tments of the Denartment for criticism an.ti sugs-estton.

Det~lsof- s -ecil-icston have be~brought un to date with

those of tho SAE and ASPTM. Suggestie~s -r.- criticismus from
theser~arenlsr~rtcuary-ith reference to their

anniiceat4 4 ons nnM rtctttces, nualt bE- Inchluied In this revision

before it can be off .mntuun value. 'Then they are received and.

hate been Incormoratd tiI- revliion will be ready fqr sub-

mission. to th45 Chief of' Odac. it Ise -=lc icatA Uat Part

IV,, 'Wrought Non-Fernit. Metals" will- be similarly nrenared

IFFS
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lawag-Tecniol,6neetovs n Uv oubj e,-a L ted by membershin

of laboratory stat.? o-technical eomaitteear

Aerican tSootety for Tee tir., Wterisls: Committees AId on
-~ Seels, A-4 an He&-t WrettnVent of Iro"n i&nd Steel, _Ae-5-oxl743n

*i-on of Iron. awl S5teel, t.-9 oma Yerro AllAOys, A-1) on lrsow Thro-

aum.-m, Iroa-Cjrqmww=-Ntokel a~nd Related A% joys, on 134a~(Orrol

at tfon-F-errows ?etat" ann' AlBoys, 5-6 on Die (Jagt ttetnls and Al-

lot, F. on M-ethods' of 2est3.ng, Pad thr Joint Co"nIt-tee on 1n-

veetigation of the $flect o? ?h."snhorue &W.6 Silnmr- U1 St'ae2.

AnereanWeldn6 ~n~ity:Corn itte:3 on Puundaflntfl-aeeof.

American I' ztltte a 0? ltinia auct 'Mtallnrgica& &neberw -

iron and Eftee1 liwieton- Manuaoture of Alloy Steel -adw wa-)e

Ottnotivs. -Te sting*

A-ltog Reaoarch Oomnittee of 4nieerir 3 Found ticrns Mem~n

berxhtt.-In Oou zeand of 8Cb-ommttWe -on liasrch flroJects.

This Inaures, contact ith vemere ~cbotlvi teof Avertc-an

Society of Antomotive- Engineers-irand8slD sin I
Thle utUl~aatis, orathUe, a..ftaet Its Ykbeji most uinsatis-fao-

tory becaas 010 Iack- -a IUn& to tnv'l, - If U $~ e~at ti

to ecure oraiQIretafo qWL~~e atmu-ehn.

oaL orAniatoew, asuogiation an!d ~irect consultation are eUs.

___I



Owing to the necessities -r t- -e ~:bec-uee In-jf

creased activities on nn-'-uct tan nrwoxr r- rnn2 In m rt:ae

activities emanloying Emergency 1Plef lIAbor, commisioned ~r

soflfle hAv3 been re'leved f-rom -Y ~yIn the T'eat Tret'tmcnt,

$nectrwvcciny, %snd Armor ni-te Secttt ,ns at thu- LZAbornary, ad

at im mdo~ A rsnh 1' be --ivdTam the -Cerntritugal1

Casting Section, 'h~La xng in th, ba10r :ory a3nly one comm-1ssicned

*officer, n s'-lL nart of wh w I. vR'.la.ble In the Cold

Work S ection. Tarina thea yes' n- com~est.-ned nero- anol has

been avst. fle f-or executivv 'utie'- In the %abors tory. The -

s1iOn of La-nboratory Director ha-~ bee.- LNi? s' by the Comwmandtng

Officer Inat-n to hie- other dii ttes. Unless oamtss toned

pers-nnel beoomw svetlab>1 to3 r- _-ig- extent, s ,r-frerly -Use

lifted civilian emnloyee th reseU. rch er-ertence Shout i b em-

o~loyed as Assintant f(abor-mtory Director.

r-he cvilian, sto??f h w been increneed by Met 1turgtst,

who I- being assigned to the Armor vlate Slection vld ther c-

tivile nvo n~gIterouc eloys otav ~hr, 0,r-=-- Palie

tivts nf inovn ru alloys, un-_. thant tornow u
loyscr=~gunallos, ~n~iby in -Q oiate EE ~etsllurgit owu 6~

trttn4 n h Foun'ry asamolter, rho w:1ll be as-signed re-.

search --ctivities Involving melting urograss.

WiAational nroi'esetOnal piersonnel of the Junior 5Grade tre

badly needed In each of the following sections: Physical, Ohemi_

cal, an Metalioranhic.

A tlzt ofo ernewienced nersonnel on diffraction



and other nbysio- Irtneng saecured decauqe -of'ac

of aeg'tstanoe In obtaining E-aI~etldt o urn o

graa

it Iq desired to ~-n AnIran fa~qteml Ohntt In charse off

Sneotrogoony and mriro-ce0cal t 1t. sis. AJun-,or chtemii-t Is

badly reed ed for currelnt ork~c-i Inb thc-- Ch~cl bo

t ory.

Th~metIor ht c orz h s b-on czn-trcte for 1" nicks

laboratories. TU sn:itv aX j, -=ork is delaye-d becmusze off In-

ader-uacy off the met:2C1ogra hie mogadza.on. T'ec-4-tiles are

< sxcavatlable anc &Junior met2Ao-l r ---hr Shoufld be added- the

AA



]Trngt~year minr-r i Ir17tostioim "-; ve been made in

busIdings by Smergency Rte-ie Labor to mermit r.better utili-

zztP'n nt er.-uimffent. T1 -N:trogr- --h-1litzi

e-uinmerit, fl:- microcco -a 'r)acuno taring the nrev',uF ye ar

b~ave bee nut, to l11muted u r-z

A t. MIu 'At iu r tor-)00nerety brawrOht Out=

by theZe' e nany h-~been oroeren.5 but mt et de-i rd.

It 1- s- iALtinot im-rovwectent over mi oros-ooes nor cvaflable.

It mAkes rviila-bie An 31--ectiv-r 1.6 nmrl-ca.1 anerture.

A hasemen't j- b ng Pfii--er by 'fliIr.lbor und er the

east half off t-he CGbe m 1~ n.- UIiw f:o r u ess -a laboratory in-

F _volln h56I4t te;roormtw' 46't Space . -_inn. nrovided for a
di'latometer, v/nicn it Ig ho-nef c n e obrt'-pned at an ear-LY

date, and for furnaces of ! lttr~ty ty-e f-or heat tre'nent

-=and other hot metal. t-ork. Forced ventilation In this lz-bora-

tory and also in the 1"lmtlng room Is being nrov'dei.

A lzi tension wire 1-t be-Ing laid &ijacent to the lr-borae

rtory 3'and a trnnsformer Is being installed01. This will1 nrovide

9-L source of mirrent tN' the 6liboratories inden-endent of the shon

_ ~~su'nly. To cornnlets the Itlatn miotorn,7enerntor

set or rfectif'ier for nrovinir direct current in still tbe

vt obtained. Considerable '~iut has been ernerienc_ Or LF:

Eto limited Capacity and1 varying potential of electric cIruits

E available. i
I Uf
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I IM
AA~itonaieouinmentt is ree 1-rcd esnecia- y -orortoJ

point 'etermilnati-on, beat trjFent , v.,cwjm meltingx, micros-

chemical anal-sis1 fatigue tz ti. wer ttng, r~ndoe

forms of n'nriP&l te-ting. It _ IVo desired to ts ,ke furtherA

-iadmz-tage of res-tev-manif- m-et' il1o rr-hic e uiznrnent.

1the n'e of more fuly7 4 eloned I hir-n erimn ibeng

felt.

IM
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LABORATORY REPORTS FISCAL YEAR 1935

111.2/5 The Testing of Metallic Materials With
Particular Reference to the Tensio. and Impact Test.

130/1 Knowledge of Grinding and Polishing Operation.

145/1 Electromagnetic Method of Non-Destructive
Testing.

314/457 Centrifugally Cast Stainless Iron for
Recoil Mechanism Cylinders.

31zt/457-1 Stainless Iron Centrifugal C-sting C-457
To Determine Reasons for Variations in Properties.

314/459 Development of Alloy S-tainless Steels G-455
314/459-1 Stainless Centrifugal Casting c-458,

Supplementary Report

315/2 Cracked Special Taper Reamer; '5* P. A.
Navy Gum Mount Plunger Cylinder.

315.1/6 Molybdenum High Speed Tool Steel

Cyclops Steel Co., P. 0. 893.

315.1/7 Failure of High Srped Tool Steels.

333.1/4 Investigation of Chilled Way on
Lodge & Shipley Lathes.

344/22 K Monet Metal; Its Tensile Properties
and Heat Treatment.

344/24 Wear Test of K Ronal etal - Part I
Wiped Tin and Diffused Cadmium Coats.

-t
3 )/24-1 Wear Test of K Mone! - Part I. Effect of -

Tin, Solder, Cadmium, Silver Solder, Bronze
and Various Lubricants.

$1/26 Cold working 1-S Stainless Steel Bar by
Longitudinal Stretching.

-72-I!
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345/5 Wacrographic Study of Silver Solder on Steel.

610/i Notes on Forging Temperature and Smith Shop
Practice.

613/127 A study of the Physlo-Ohemical Transforuations
in a iquid Kass of Met&! Cast Solid and
Subjected to Centrifugal Force during Solidifica-
tion of Centrifugal Castings.

635/12 Centrifugal Tube Castings C-464, c-492 and C483.

P642/70 Butt Welds, 1/2" Structural Nickel Steel Plate.

642. 1/27 91 mm Trench Mortar Base Plates,
Examination of Weld Fractures.

642.3/1 H4gh Current Automatic elding Process,
Sinle Pass welding in Jetal 3/4v Thick.

647/2 Repair of 5'/38 Cal. Navy A A Casting by
Arc Welding (Bare Electrode) (K3!9-36).

647/3 Repair of 58/38 Cal. Casting by Are Welding
(Covered Electrode) (K590-l and K725-25).

649.1/3 Comparison of X-ray Tests of Spot Welds with
Tests of the Same Welds made by M-etic Analysis
Corp., Long Island City, N. Y.

649.!/L' Comparison of X-Ray Tests with Lagnetic Tests
of Spot Welds.

& 671/1 Zinc Base Die Castings.

710/16 Light Armor Plate Abstract of Reports of Tests.

710/17 Light Armor Plate SuAmary Sheets, Abstracts ofRKeport of Teats

710/20 anufaoturn of Bullet-Reslstlng Ball Nount
Castings for Medium Tanks, T3Z2. b,

710/22 Report on Sprayed Fae Armor Plate.

710/23 Rnd Report of Tests of Composite Flatea.

710/24 3rd Report of Tests on Coposite Armor Plate.
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710/26 2nd Report on Spot Weld Sectional Construe-
tion for Light Armor Plate.

710/27 Construction of the Armor Plate Test Range.

71%/29 4th Report on Composite Plate 015 to CIS,
X ne of Specially Hardened Front Plates.

710/29 5th Report on Composite Plate 019-026,
Change of Spaces and of Inner Materials.

710/30 6th Report on Composite Plates 1C-1 and
10-2, The Use of insulating Material.

710/32 ist Report on Grooved Steel Armor Plate,
'Tests of Grooved and Fluted Plates.
Confidential Report

710/33 0 rmor Piercing lullet Core Stock.

710/34 2nd Report of Test Spot Welded Joints
on Armor Plate.

710/35 ne Effect of Normalizing Aror Plate

Ingots for Homogeneous Plate.

710/39 The Adaptability of the Gogan Brinell
lardnes6 Testing Machine.

710i/4o Armor Plate, 8-- Alloy, Submitted by
Republic Steel Castings, Inc., Reading, Pa.
For Official Use Only.

710/42 Grooved Armor Plate - For Official Use Only.

730/31 Insection of Bore Surfaces for Cold Work Defects.

731/4 Confidential Report - An Investirmion of
Erosion In Rocket Nozzle Throats Caused by r
Powder Gases at High Temperature and Velocity.

7 W2/5 Corrosion of 3* A A Gun Mount 92 #5.

745/1 Report on Condition of Right Equilibrators
from 3' A A Guns MI 13and J3, Ex.o. 76.,202-03. '

751/12 The Effect of Glycerine S5olutlons on Metals.

780/1 Partial Report on Galvanic Corrosion of
Corrosion Resisting Stoeels.
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n0-o/S relationl between Static and Dyna Load-

Compression~ Properties of Copper CGyflndens.

812a/2 Tension Pronoe'tes of centrifugally Cast

#UolybdeftUS-VYfldium Gun Steel at High and
Low Temeratures.

812/3 Tension ?rop Irties or, Centrifuigaily Cast
KolylodentfleVafladtm qateel feed Ifl the
Vanufacture of 14.1 Guns f or the Nay Dept.

Wxp.
1eor 83 The 'Ise of k-n & 81 In S-1teels Made in

Aoid-LIfled High FrequeneY Furnaces.

S3S4 Study of Heat Treatment Pr-actice Used
in Manufacturinlg Centrifugally Cast Crflfl.

S
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